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By  3-orgo  V.   HaeDougall,   Jr. 

SUMHAflT 

Results are given of laverted—spla tests of 44 air- 
pleae models la tha XAOA 15-foot and 30-foot free-spinning 
tunnels.  She data lndleatad that epias normally were 
• toep and recovery by ruddar reversal generally was rapid» 
Pulling the atieic lack diminished the teadenoy for the 
modele to opln.  Deflecting ailerons aad rudder together 
tended to prevent the »pin aad croaslag theee ooatrole 
tended to retard recovery. u 

IffSBODUCTIOS 

lavorted-spla teata of approximately SO alrplaae 
models, have beer, made over a period Qf ueTaral yeara la 
the 1TACA IB-foot aad 20-foot froe-eplaalag tuaaele.  The 
data for 44 of theee model» hare loon eollootod and are 
presented la the present report, A detailed analysis of 
the data It not made; however, sovoral well-defined trends 
are poiated out.  Special emphasis Is given to the effeote 
of at!<>ren deflectloa on the recovory from- the spin be- 
cause relatively little attontloa has been given this 
aspect la reported flight tests of inverted spins (refer— 
«seei 1 and 2). 

HODILS 

• The typo and mass characteristic» of tho airplanes 
for vhloh aodol test results are presaatad' arc given la 
tablo I. Tho models reprosontod eonveatioaal monoplanes 
vita the exception of a biplane (531J-3). a tallies» air- 
plane (XP-5G), aad a eaaard airplane (CV24-3). Soeauso 
both alagle-onglae aad smltlearlne doelgas were tested, 
• vide range .of Mass distribution was covered. 

She oonstruotloa of »pin models Is described la 

1 
. 

• 



detail la reference 3. the aodols, constructed princi- 
pally of halsa, vgre Ballasted for dynamic similarity to 
the corresponding airplane or the Installation of proper 
weights at suitable locations, k  renote-control aecha,- 
nlsm served to Bore the rudder (or rudders) durlne the 
roeovory tosts. She aaxlaua angular deflections of the 
controls used oa oaeh aodol were the same as for the air- 
piano represented. 

She modele represented tho airplanes la the aoraal 
loading condition. Tor the tests herein considered, the 
flaps were neutral and the landing gears wore retraeted 
except for the airplanes with nonrotraotable landing goar. 

sxssxio noMsou 

Iho tost lag procedures  la both the TlkCk 15-foot and 
the Had. 80-foot froo-splanlag tunnel« are essentially as 
described In reference 3.    With tho  elevator and ailerons 
f lxod la the doslrod positions and with the rudder  (or 
rudders)  set full with the desired spin, the aodol Is 
launched or hand with an initial rotation la the direction 
of the spin.    Recoveries aro attempted ty a rapid reversal 
of tho ruddsr   (or rudders) from full with the spin te full 
against  the spin.    Photographic  observations »re aade dur- 
ing the »toady spin of  the aeuts angle    a    between the 
thrust axis and the vertical  (approximately equal to the 
absolute value of the angle of attack at the plane of sym- 
metry).    Visual and photographic  obsorvatIons are also 
aado  of  the number of turns for recovery    V,    which Is 
defined as the number  of turns the spinning model makes 
between the time the  control« are uoved and the time the 
spin rotation ceases. 

PSXCI8XCV 

She angle    a    can he measured within 1° and the num- 
ber  of recovery turns within 1/4 turn,  except  for  certain 
eases  la which the model  is difficult  to handle In the 
tunnel because  of  the wandering  or  oscillatory nature  of 
the  »pin. 

Oor.parieoa hetweea model and airplane reeults for 
erect  s^lna   (refereaee 3)   indicates that, because  of  scale 
aad tunnel effects,  laek of  detail la the model, and dlf- 



ferases«  In technique«,  the spin-tunnel results are not 
always   in  eoapleto  agroi.ient  with results  for   the actual 
airplRno.    for  a   given  loading condition and oontrol  set- 
ting!  »osowhat  snallsr  angles   of attack were   generally 
obtainod with the models  than with the airplanes,    A  com- 
parison of free-spinning wind-tunnel results with corre- 
sponding full-seal« spin results   (unpublished)  ehowed that 
BO-pereent of  the  model recovery tests predicted satisfac- 
torily the reeorories   of  the oorresponding airplanee and 
that  10 poreent  ovorestlasted and 10 pereent underesti- 
mated the  number  of turns required for recovery of the 
airplanes*    Although cost, of the dlserepanoies hare re- 
gained unexplained,   It any «a assumed that  the agreement 
would DO  of the same  order for  Inrerted eplne. 

BISVLIS AST 3IS0VSSIOV 

The results  of  tho-invartad—spin tests aro presented 
la (able   II,  In which  the oontrol deflections are given 
in teras  of rudder-pedal and stick displacements.     In 
addition to the results for  tests with the  normal  control 
configuration for  spinning  Inverted - that   Is,  ons rudder 
pedal forwardi   th*  stick neutral  laterally'and forward 
longitudinally   (ridder  full with spin, ailerons neutral, 
and elevator up with ronpect  to the ground)  - results are 
also  shuwa for   tests  mads   with various  combinations   of 
full  lateral and longitudinal displacements  of  the control 
etlck. . / 

gffoetiojr  control position.- An  examination  of  table 
II  shows   that  ppprosinatoly  20 percent   of  the  models  would 
not  spin  inverted with the nornal control configuration 
for   spinning  Inverted.     The  spins  for nil  the codols  ex- 
cept   one  were  steep   (small    i»'s)  and rsoovsrles were  rapid. 
These results were  obtained probably because, for a  con- 
ventional  tall layout,  aost  of  the vertical tall eurfaee 
Is  not  shielded by the  tall plane when the model  Is  spin- 
ning Inverted and the tall damping-power factor   (referonce 
4)  Is therefore relatively large.    She values  of this fac- 
tor art.given in table  I and are eonelderably greater  than 
the Binlmun daelgn value  of  O.OOOlBOspoelfled In referenae 
4.    Kovlng the stick rearward. - that  Is,  aoving the  ele- 
vator down with respect  to the ground - tended to prevont 
the  Inverted spin,    fhle result  tends  to corroborate the 
etateanat  aade  la refsronoe 6   .that, when «a airplane  Is 
la an inverted sola, aovlag the stick rearward will gener- 

•ally  cause r-csviry. 

-.••~-   *«*k    --* sj.» 
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8ho lateral disploecocnt of the atlek alto had a pro- 
nounced offset on the tohavior of tha modal* la inverted 
•pin«. Setting tha control« together (tig.  1) - that la, 
»tick right for a spin nade vlth right rudder pedal for- 
ward (setting tha aileron« agalaat the rotatloa of the 
larerted aodel) - goaeralljr prereated the inserted epla 
ragardleae of the loagltudlaal location of the «tick (ele- 
vator deflection). Crossing.the control« - that 1«, 
etlek left for a epln aade with the right rudder pedal 
forward (putting the aileron« with the «pinning rotation 
when larerted) - howeror, had the oppoelte effect, became 
• pin« could thoa 'be obtained with all aodel».  The»« »pin« 
were souewhat flatter and had »lower recovorio» than »pin« 
with tho »tick neutral laterally, especially when the 
etlek wa» alio forward. Vlth the etlek left and forward 
and tho right rudder pedal forward, recovery by rudder re- 
voraal alona wa» impossible In aany eaaea. 

Sciatica tatiroBB aaj« .autrllmUga and, effect of 
+ Wl*m.,M\»9H99 n.'VlMl**»-    " •»• eonoluded In ref- 
ereneo 6 that, for erect »pin«, the naea distribution of 
the airplane 1» a primary factor in determining the effect 
of ailoron doflection; that in, for aiagle-englne airplane« 
with tho maai distributed mainly aloag the fuselage (aonent 
of inertia about T-axl» ly appreciably greater than that 
about X-exl» Ij), reoorery wae improved by letting the 
control» together (aileron» with the »pinning rotatloa 
whea erect), for traitionglne airplane» or for the present— 
day elaGle-englae airplane» with wlag armament and wing 
fuel tank» (1%    greater than XT) , however, eroaelng the 
•ontrola (aileron» agalaat the »pinning rotation whea 
erect) had a farorable offect on recovery. 

Although the model» tested in Inverted «pin« covered 
a wide range of aaea distribution, there wae no point at 
which the effect of alleroa deflection reversed. Jor all 
the modele, »ettlng the eontrola together wae beneficial 
and eroaslag them was adverse. Although maee distribution 
is a price factor la determining the effect of aileron 
deflectloa for erect «pin», it appears to hare, within the 
limits of presoat-day design, little influence on the ef- 
fect of aileron deflection in the lnrerted spin. 

:' 
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AFPXiXCaSXOV TO TVLL-SULX SPOT»» 

Although the  aodel tost  results  generally  indicated 
more rapid roc.vor/ from inrsrted than from erect splat. 

i-ji*   • 



! 

- 

several conelderatIon» Indicate that »pinning airplane* 
inverted nay ie  relatively hasardou».  Soce of the factors 
lavolvod aro 

(1) Because of the high rate of 4«»cent Indicated 
by the aodol tost results, tho .control fcreas 
m'y bo ib hi»h that tho pilot cannot deflect 
the coatrole ae desired. 

(3) Ticiont oscillations of tho alrplano nay con- 
fuse the pilot and prevent hit making the 
doelred control aoremeata. 

Bocauso of theee possible difficultiot, precautions should 
be takoa to eaable tho pilot to save the eoatrols to the 
desired positions. The ability of the pilot to aovo tho 
controls can be i -proved If properly adjusted safety belt, 
ehest and »hmlder iiarnoes, aad toe straps are used« 

o ore L-JS loss 

Zarertad-spla tests of 44 aodels la the XiOUL 15-foot 
aad 30-foot free-spinning tunnols indicated the following 
eonoluslonsi 

1« She  ir.vertod spins wero usually steep aad there- 
fore tho rate  of descent was relatively high,    for the nor- 
mal  eoatrol position for spinning Inverted  (stick laterally 
neutral and longitudinally forward, rudder with the spin), 
reeovory by reversal of tho rudder alone generally was 
rapid« 

3« Pulling the stlek baek diminished the tendeney for 
the aodels to spin. 

3. She aileron effeet was quite marked.    She results 
of the tests obtalnsd with the codsls spinning lavertsd 
indicated that, within ths raaga of ones distribution of 
present-day airplanes, setting ths eoatrols togsther 
(ailerons and rudder  la the saae direct Ion)  tended to pre- 
vent the inverted spin and crossing thsss controls retard- 
ed recovery fro» the inverted spin. 

4« Seeauss of practical factors, inverted spins »ay 
be hasardous and tests should be approached with caution. 

Laagley Memorial Aeronautical laboratory, 
Vatioaal Advteory Oomnlttes for Aeronautics, 

Xaagley field, Ta.. 1 
.1 
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TABLE I.-   DIMENSIONAL AND MASS CHARACTERISTICS OF AIRPLANES REPRESENTED BY MODE! A 

V 

Airplane 
repre- 

| mM 

1 
rartleel 
tall« 

•«•*•» 
of 

•toga 

•ertleal 
location 
of »In« 

«a« 
•pen 
(Ft) 

Tall daaplng- 
power factor 
•ben nodal la 

Inverted 
(•) 

airplane 
waaa 

(»Jug») 

•onanta   of .Inertia 
(•lieft') 

*t *r H 

XF8A-S 
vRt-1 
D«3»-3 

'   XP5P-1 

l 
1 
1 
1 

•Id 
•Id 

Hgh-lo* 
Int 

38 
35 
M 
48 

0.001048 
.001048 
.00084« 
.000816 

168 
188 
87 

868 

8,110 
8,098 
1,888 

10,787 

3,410 
3,440 
2,368 
7,17« 

6,080 
5,190 
3,487 

17,864 

XPL-1 
»•40 
X3K2A-1 
X3B8C-1 

1 
1 
1 
1 

Low 
Low 
m« 
•14 

SB 
37.29 
47 
80 

.000*99 

.001048 
.000812 
•000600 

198 
218 
318 
318 

8,780 
8,178 

10,804 
8,180 

4,860 
6,744 

17,71« 
13,476 

6,890 
8,608 

87,019 
20,470 

XBT-12 
SBD-1 
8-88 
A-M 

1 
1 
1 
1 

Low 
Low 

High 
High 

40.08 
41.81 
«8 
61.88 

.000868 

.001448 

.001088 

.001888 

US 
888 
826 
898 

8,498 
4,841 

68,681 
83,708 

4,170 
8,688 

68,798 
84,887 

6,898 
18,844 

189,371 
58,287 

XBT-13             1 
XBT-11             1 
o-sa            l 
W-4«                1 

l 
1 
l 
1 

Low 
Low 

Ugh 
Low 

48 
«8 
40.70 
34.88 

.000938 

.000808 

.001189 

.00098« 

131 
137 
188 
210 

2,689 
2,700 
8,706 
3,888 

4,188 1    6,201 
4,350      5,900 
4,970.    7,880 
5,8401    d,BS0 

XP-30 
f-44 
»•86 
ITB0-1 

l 
I 

I 
Law 
Low 
11« 
•I« 

48 
88 
«0.89 
87.18 

.001818 
.001710 

.ÖÖÖ998 

38« 
870 
316 
410 

18,798 ] 7.588 
4,908    8,130 
9,213    6,834 

12,543 123,989 

81,810 1 
11,819 , 
15,638 
34,911 I 

ITBP-1 
T»-«3 
XP-47B 
BT-1« 

1              1 
1               1 
1               1 
1              1 

»Id 
Low 
Loo 
Low 

84.17 
38 
40.78 
41.08 

.000879 

.001680 

.001838 

.000848 

«11 
81« 
369 
139 

11,784 
8,48« 

13,867 
8,741 

21,156 
8,769 

13,047 
4,237 

31,188 ' 
8,657 

26,841 
6,681 

W-«0 
XP-C1 
ZAT-1S 
IP-B9 

1 
1 
1 
l 

Lew 
•1« 

High 
•Id 

41.44 
66 
59.6t 
40 

.000687 

.000968 

.001636 

.003780 

888 
800 
379 
348 

8,920 
88,494 
20,370 
6,330 

9,181 ! 17,224 
35,088 1 88,488 
19,934    37,73« 
8,380    1«,000 

1 

r-!90 
XAT-13 
r»2«-S 
DC-3 

l 
l 
l 
1 

Lew 
•Id 
Low 
Lew 

84 
68.5 

•5* 

.001151 

.001166 

.000098 

.001301 

830 
388 
101 
79! 

8,101 
15,«00 
1,410 

««,668 

6,077 ' 10.70« 
11,016 ' 26,188 
4,068      8,048 

«1,690 150,420 

xp-es            i         |    l 
XP-67                1                   1 
r-4oi          i            i 
P-40P                1                  1 

Lew 
•t« 
Lew 
Lew 

88.33 
88 
87.8« 
37.89 

.001388 

.001116 

.00C988 

.000888 

231 
689 
266 
264 

6,340    7,642    13,208 
41,989 25,896    63,623 1 
8,430    7,887 ' 12,SOS 
5,089    7,899,  12,146 

SSBSC.l 
it**» 
sae-i 
xr-*2 

1              1 
1              1 
1              1 
»              1 

Lew 
•id 
Lew 
Lew 

51.98 
SB 
88 
88.68 

.001088 

.001810 

.008180 

.000708 

486 
588 
113 
458 

16,100 
26,446 
1,242 

13,241 

80,800! 36,200 
49,174! 73,746 
2,463'    3,937 

22,545] 33,714 

1 mr-s 
1   XSB2D-1 
|    XP-BOA 

8F14C-1 

J              1 
;        i 
}     i i 

•        i 

«U 
H« 
Lew 
Lew 

«8.W 
«8 
41.82 
«8.« 

.000878 

.008180 

.001367 

.000868 

86« 
«84 
894 
SB6 

8,787 
13,934 
7,881 

11.718 

11,588    19,950 1 
25,833    37,838 
10,690    17,636 , 
14.743     24.238 

•7*11 _  . - 
•Data praaen' 

toter la denned In rafaraa 
rer lanaplane «arwtan. 
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Figure / - St/cA   and   rudder pod a I    together 
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for the models to spin. Deflecting ailerons and rudder together tended to prevent the 
spin and crossing these controls tended to retard recovery. 
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